Hot white dwarfs with carbon-dominated atmospheres (hot DQs) are a cryptic class of white dwarfs. In addition to their deficiency of hydrogen and helium, most of these stars are highly magnetic, and a large fraction vary in luminosity. This variability has been ascribed to nonradial pulsations, but increasing data call this explanation into question. We present studies of short-term variability in seven hot DQ white dwarfs. Three (SDSS J1426+5752, SDSS J2200−0741, and SDSS J2348−0942) were known to be variable. Their photometric modulations are coherent over at least two years, and we find no evidence for variability at frequencies that are not harmonics. We present the first timeseries photometry for three additional hot DQs (SDSS J0236−0734, SDSS J1402+3818, and SDSS J1615+4543); none are observed to vary, but the signal-to-noise is low. Finally, we present high speed photometry for SDSS J0005−1002, known to exhibit a 2.1 d photometric variation; we do not observe any short-term variability. Monoperiodicity is rare among pulsating white dwarfs, so we contemplate whether the photometric variability is due to rotation rather than pulsations; similar hypotheses have been raised by other researchers. If the variability is due to rotation, then hot DQ white dwarfs as a class contain many rapid rotators. Given the lack of companions to these stars, the origin of any fast rotation is unclear -both massive progenitor stars and double degenerate merger remnants are possibilities. We end with suggestions on future work that would best clarify the nature of these rare, intriguing objects.
INTRODUCTION
The Sloan Digital Sky Survey (SDSS) uncovered a spectral class of white dwarf (WD) exhibiting atomic carbon and/or oxygen absorption lines (Liebert et al. 2003) . Shortly thereafter, the subset of these WDs with C II in their spectra were recognized to be a new class of WD harboring carbon-dominated atmospheres, along with the previously known classes of WDs with hydrogenand helium-dominated atmospheres (Dufour et al. 2007 (Dufour et al. , 2008a . The origin of the high carbon abundances in these atmospheres, now known as spectral type "hot DQ" due to their relatively high effective temperatures, was unknown. The greatly enhanced carbon abundance of hot DQs is similar to that observed in the massive PG1159 stars H1509+65 and RX J0439.8−6809 (Werner 1991; Werner & Rauch 2015) and the "second sequence" of cool DQ WDs (Dufour et al. 2005; Koester & Knist 2006) .
Spurred by a desire to better understand these mysterious hot DQs and by a simplistic model suggesting that hot DQs may be unstable to nonradial pulsations, we undertook a search for photometric variability in hot DQs, culminating in the discovery of ∼ 1.5% amplitude mod-ulations in the hot DQ SDSS J1426+5752
5 (Degennaro et al. 2008; Montgomery et al. 2008) . Our immediate assumption was that these modulations were nonradial pulsations, though we noticed that the pulse shape was very peculiar compared to other pulsating WDs. We therefore posited that the moduations could be due to an accreting system such as AM CVn, though the lack of any additional evidence for accretion from any other spectral or photometric evidence has since led us and others to reject this hypothesis (Dufour et al. 2008b; Green et al. 2009; Williams et al. 2013) .
Subsequent to our discovery, variability was uncovered in several other hot DQs (Barlow et al. 2008; Dunlap et al. 2010; Dufour et al. 2011) . Fascinatingly, the majority of these objects exhibit only a single independent period of modulation, though often with a significant harmonic, while most pulsating WDs show multiple independent modes of oscillation. However, claims of lowamplitude non-harmonically related modes of variability (Dufour et al. , 2011 Green et al. 2009 ), if verified, would resolve that seeming inconsistency.
Meanwhile, other mysteries began to surface surrounding hot DQs and the seemingly new class of variable stars we called the DQVs. At least 70% of hot DQs have strong magnetic fields (∼ 1 MG or greater; Dufour et al. 2011 Dufour et al. , 2013 , a magnitude greater than the incidence of magnetism in the field. Prior to SDSS J1426+5752, no strongly magnetic WD had been observed to pulsate (Dufour et al. 2008b) , as these magnetic fields should be sufficient to inhibit the fluid motions necessary for pulsations (e.g., Tremblay et al. 2015) to high l modes where they are difficult to detect.
In Williams et al. (2013) , we announced the discovery of short-period variability in a warm DQ WD, SDSS J1036+6522
6 . The T eff of this WD, 15, 500 K, is well outside the instability strips calculated for hot DQ stars (e.g., Montgomery et al. 2008; Fontaine et al. 2008; Córsico et al. 2009 ). In a separate study, Lawrie et al. (2013) announced the discovery of variability in the hot DQ SDSS J0005-1002, except that this variability has a period of 2.1 d, far too long for nonradial pulsations in WDs and much similar to known periods of rotating WDs. Are there multiple mechanisms for photometric variability among the hot (and warm) DQs, or have we not yet properly identified the mechanism behind the variations?
In order to better understand the variability in hot DQs, we undertook a multi-pronged approach. First, we began a long-term observational study of three known variable hot DQs. Rotation and coherent pulsations should maintain nearly constant period and phases over time, with changes possible over several years due to magnetic braking or WD evolution. Additionally, very low amplitude coherent modulations should become detectable as the signal-to-noise increases in frequency space. Second, we observed multiple hot DQs without previous time-series observations to search for coherent luminosity variations, primarily to determine the ubiquitousness of variability among hot DQs.
OBSERVATIONS AND REDUCTION
We obtained our data over several long observing runs between the spring of 2008 and the summer of 2011 with the Argos high speed photometer on the McDonald Observatory's 2.1 m Otto Struve Telescope. Argos contained a 512 × 512 pixel back-illuminated frame transfer CCD with a field of view of 2. 8 on a side (Nather & Mukadam 2004) . Our observations were obtained through a 1 mm Schott glass BG40 filter. Exposure times varied from 10 s to 30 s, depending on the apparent magnitude of the target, the observing conditions, and the observer's preference. Due to the frame-transfer time of only 310 µs, there is no significant loss of time to readout. Precise timing was obtained via GPS signals and Network Time Protocol software, as described in Nather & Mukadam (2004) . These times were manually crosschecked nightly against the official observatory clock and a digital wristwatch synced daily with the WWVB time signal operated by the National Institute of Standards and Technology; the clocks were fully consistent at all times. Table 1 gives the basic parameters of each individual target run.
We reduced the data using the pipeline and methods of Mullally et al. (2005 Mullally et al. ( , 2008 . In summary, we performed weighted aperture photometry for a wide variety of aperture radii; we compared the noise in the discrete Fourier transform (DFT) for each choice of aperture; and we selected the single aperture radius with the lowest noise in the DFT. We divided the resulting light curve by a weighted combination of one to three neighboring stars as similar in color to the targets as possible. We removed differential atmospheric extinction by dividing the light curve with the best fitting second-order polynomial. We excluded portions of the light curve from the analysis that are clearly impacted by events such as cosmic ray hits, thick clouds, and highly volatile seeing. We accounted for all UTC leapseconds and corrected exposure midtimes to Barycentric Dynamical Time (TDB) using the methodology of Stumpff (1980) . In order to reduce the noise in the DFT and search for low-amplitude signals, we combined multiple runs for the same object. This technique is only valid if the modulations remain coherent between the runs. When possible, we bootstrap so that we can determine a period precise enough to bridge the gap between runs without losing track of the cycle count, as described in, e.g., Winget et al. (1985) . Due to issues with weather and scheduling, we were not able to fully bootstrap the three previously known variable observations. Since we had found a frequency that was consistent with coherence on this timescale, we proceeded with the analysis under the assumption that the observed modulations were stable (see discussions in Section 3).
PREVIOUSLY-KNOWN VARIABLES
3.1. SDSS 1426+5752 SDSS 1426+5752 is the prototype DQV. In the discovery paper, we reported detections of modulations with periods of 417.66 s and 208.82 s with amplitudes of 17 mma and 7 mma, respectively (1 mma refers to a fractional amplitude of 10 −3 , or 0.1%). We also claimed a tentative detection of modulation near the harmonically-related period of 83.5 s . Follow-up observations by Green et al. (2009) refined the periods and amplitudes of the two largeramplitude modes, but refuted the presence of the 83.5 s periodicity. They also claim a significant detection of non-harmonically related modulation with a period of ≈ 319.7 s and an amplitude of 2.88 mma. As with the combined data set, no evidence is observed for a mode with a period of 319.7 s; the claimed amplitude and frequency from Green et al. (2009) is marked with the upper limit. For these data, the 1% false alarm probability amplitude threshold is 3.5 mma and is indicated by the horizontal dashed line.
Our observations span just over three years with a total exposure time of nearly 270 ks. Figure 1 shows the DFT of the combined observations. The two primary periods of modulation are clearly visible. After prewhitening the data by these two modulations, we see no other significant amplitude peaks ( Figure 1 , bottom panel). We determine the false alarm probabilities using Equation 18 of Scargle (1982) . The horizontal dashed line in Figure 1 indicates the P = 0.01 false alarm level; i.e., any amplitude peaks above this level have a ≤ 1% chance of being false detections. We do not consider the apparent signal at low frequencies to be convincing due to 1/f noise and to atmospheric phenomena described in Section 4.1.
In particular, we see no evidence of a 3 mma signal with the 319 s period discussed by Green et al. (2009) , either in the combined data set or in individual runs. This implies that the 319 s period is either not coherent, significantly variable in amplitude, or was a spurious result. We have a single time-series run from one night overlapping with the Green et al. (2009) data, A1712. We show the DFT from that single time-series observation in Figure 2 after pre-whitening by the overall best-fit periods; we detect no evidence for the 319 s period in this run. However, the Green et al. (2009) data cover a time frame nearly one month prior to our run, and it is possible that the mode's amplitude weakened prior to our observation. In short, we are unable confirm if this period were present at the time of their observations.
The best-fit periods for the modulations observed in SDSS J1426+5752 are 417.706776(14) s and 208.853366(11) s; within the stated errors, the shorter period is exactly half of the fundamental period, greatly strengthening the hypothesis that these periods are harmonically related. The amplitudes and phases of these modulations are given in Table 2 . We also calculate amplitudes and phases for monthly subsets of our data using the best overall frequency in order to check for variations in amplitude or phase. As seen in Figure 3 , there is a sug- 84.4 ± 2.6 6.84 ± 0.60 25.5 ± 2.9 2010 May 15.83 ± 0.94 100.5 ± 2.6 7.69 ± 0.94 33.6 ± 4.0
Note. -T 0 is the start of the first cycle, in seconds after BJD TDB = 2454506 d.
gestion that the amplitude of the 417 s modulation may be decreasing with time. However, we have no additional data at this time with which to confirm this trend. The harmonically-related 208.9 s modulation shows no evidence of significant amplitude variations, and both modulations' phases are consistent with being constant. DFTs for the combined observations of SDSS J2200−0741. The top panel contains the DFT of the extracted light curve; the bottom panel shows the DFT after prewhitening the data by the best-fit fundamental and harmonic. The horizontal dashed line indicates the amplitude threshold above which a peak would have a false alarm probability of ≤ 1%. The upper limit symbols indicate the frequencies and amplitudes of additional periodicities claimed by Dufour et al. (2009) , which are not present in these data. Outside of the fundamental and harmonic, no significant signals are observed.
among the variable hot DQs as the harmonic modulation (P = 327.2 s) has an amplitude nearly as high as the fundamental (P = 654.4 s). Dufour et al. (2009) also claim detection of two harmonically unrelated periods (P = 577.6 s and P = 254.7 s) at amplitudes of ≈ 1.5 mma and the second harmonic of the fundamental (P = 218.1 s) with an amplitude of ≈ 1 mma.
Our data for SDSS J2200−0741 total 162 ks obtained over two years. Figure 4 shows the DFT of our combined data set (top) and the combined data set after prewhitening by the two primary periodicities (bottom). We find no evidence of modulations at frequencies other than the fundamental and harmonic. As our observations were obtained more than seven weeks after those of Dufour et al. (2009) , we cannot rule out that changing amplitudes resulted in the non-harmonic modes they observed being undetectable in our data.
We find that the best fitting period for the fundamental modulation in SDSS J2200−0741 is P 1 = 654.427851(74) s with an amplitude of 8.31 ± 0.18 mma, while the apparent harmonic has a period of P 2 = 327.213999(21) s with an amplitude of 7.40 ± 0.18 mma. 2P 2 is mildly inconsistent with P 1 at the ≈ 2σ level, leaving the question of a precise harmonic relationship open, though the difference is at a fractional level of 2 × 10 −7 . Table 3 gives the amplitudes and phases of the two significant modulations, obtained by holding the periods fixed at the best-fit values. Wth the exception of the fundamental modulation's phase determination for the 2009 Sep data, the amplitudes and phase are consistent with being constant. The reason for this deviation is unclear; conditions for both nights were acceptable, with variable thin cirrus, light winds, and steady 1. 4 seeing, so it is possibly intrinsic to the star. Note. -T0 is the start of the first cycle, in seconds after BJDTDB = 2454506 d. DFTs for the combined observations of SDSS J2348−0943. The top panel displays the DFT of the reduced light curve; the bottom panel shows the DFT after prewhitening the data by the best-fit modulation. The horizontal dashed line indicates the amplitude above which a peak would have a false alarm probability of ≤ 1%. The upper limit symbols indicate the frequencies and amplitudes of a potential 379 s periodicity proposed by Barlow et al. (2008) and a 416.9 s periodicity tentatively claimed by Dufour et al. (2009) , neither of which are detected in these data. SDSS J2348−0943 was discovered to be variable by Barlow et al. (2008) , who detected a 1052 s modulation with an amplitude of ∼ 7 mma and a formally significant detection of a non-harmonically related modulation of 379 s, though they discuss that this second modulation is likely spurious. Dufour et al. (2009) confirm an 8 mma modulation with a period of 1044.2 s, do not detect any modulation at 379 s, and claim a significant detection of a 3.6 mma non-harmonically related periodicity at 416.9 s. Neither group detects any harmonically related periodicities.
SDSS J2348−0943
Our observations total 164 ks over a two-year baseline; we detect only one significant modulation over this time; see Figure 5 . We are able to constrain the period of the modulation to P = 1044.22105(42) with a mean amplitude of 6.82 ± 0.38 mma. As with Dufour et al. (2009) , we do not detect any harmonically-related modulations, and we do not detect the 379 s period mentioned by Barlow et al. (2008) . We also do not detect any modulation with a 416.9 s period at the amplidtude claimed by Dufour et al. (2009) . The amplitudes and phases of the modulations calculated from monthly subsets of data are consistent with being constant, as shown in Table 4 . Dufour et al. (2009) discuss a potential modulation in the amplitude on a timescale of days. As our 2008 Oct data overlap in time, in Figure 6 we present the bestfit amplitudes for each of our nightly object runs over the entire two years of data, as well as those from Dufour et al. (2009) . We note that, on the few nights that overlap, both studies' amplitudes are consistent, despite slight differences in filter and instrument responses. Unfortunately, we were unable to obtain data on the nights where Dufour et al. (2009) claim the best evidence for amplitude modulation, and in later months we were simply unable to string together multiple nights, primarily due to inclement weather.
Summary of Previously Known Variables
We have obtained time-series photometry spanning multiple years for three of the previously known variable hot DQ WDs. We are able to confirm the primary modulation in all three hot DQs, as well as the first harmonic in SDSS J1426+5752 and SDSS J2200−0741. These modu- Figure 7 . DFTs of four hot DQs not observed to vary with short periods within our detection limits. Horizontal dashed lines indicate the 1% false alarm probability threshold for the given observations. SDSS J0005−1002 is known to vary with a period of 2.1 d; the excess power at very low frequencies is likely indicative of that variability. Only SDSS J0005−1002 has a signal-to-noise level sufficient to detect the smallest known amplitudes in DQVs (∼ 3 mma).
lations appear to be coherent, allowing us to combine all our data and determine precise periods, amplitudes, and phases. Each of the hot DQs shows signs of potential amplitude variations in the primary modulation, but the data are not statistically significant in any one case.
However, we are unable to confirm any of the nonharmonically related modulations mentioned in other publications; our upper limits on detections are robust in most cases. Due to a paucity of overlapping data, we cannot rule out amplitude variations as the reason behind our nondetections. Perhaps non-harmonically related modulations are simply very short-lived in these stars, or perhaps these detections were statistical flukes.
HOT DQS NOT OBSERVED TO VARY
In addition to the three known variable hot DQ WDs, we present observations of four hot DQs in which we fail to find short-period variability (P 1 h). Figure 7 shows the DFTs for the combined light curves of each object. Our detection limits are indicated in the figure by horizontal dashed lines and are given in Table 5 ; these represent the 1% false alarm probability thresholds.
The lowest-amplitude modulations observed in any hot DQs are those in SDSS J1337−0026 7 , which has Note.
-The table gives the lower limits for mode amplitudes that would have a ≤ 1% false alarm probability. SDSS J1426+5752, SDSS J2200−0741, and SDSS J2348−0942 limits are calculated after prewhitening the combined data by the modes identified in Table 2, Table 3, and Table  4 , respectively. The calculation for SDSS J0005−1002 ignores frequencies below 300 µHz for reasons described in the text.
harmonically-related modulations with amplitudes of 2.6 and 3.3 mma (Dunlap et al. 2010) . In order for a nondetection to be meaningful in the context of hot DQs, our 1% false alarm probability thresholds need to exceed these small levels. Under these criteria, our nondetections of periodic modulations in SDSS J0236−0734 and SDSS J1615+4543 (1% FAP at 8.5 and 6.4 mma, respectively) are not stringent limits on variability in these stars. However, our non-detection of variability in SDSS J1402+3818, with a 1% false alarm probability threshold of 3.7 mma, approaches this criterion. If the false alarm probability level can be pushed ∼ 1 mma fainter, SDSS J1402+3818 would be the only hot DQ WD not to exhibit variability at the 3 mma level.
SDSS J0005−1002
Much more interesting than our three hot DQs not observed to vary is our non-detection of short-period variability in SDSS J0005−1002. Lawrie et al. (2013) find that this hot DQ is variable, but with a large amplitude of 11% and a 2.11 d period. They interperet this variability as rotation for multiple reasons: there is no known mechanism to maintain standing waves in nonradial pulsations of such a long period, many magnetic WDs are observed to rotate on timescales of hours to days through both photometric and spectropolarimetric variations, and many non-DQ pulsating WDs show splitting indicative of rotation with periods of hours to days.
Prior to the discovery of rotational variability in this hot DQ by Lawrie et al. (2013) , we had noticed excessive power at the lowest frequencies in the DFT of the star (see the top panel of Figure 7 ). However, we postulated that this power was due to a combination of the spectral energy distribution of hot DQs and atmospheric phenomena common at McDonald Observatory. Due to strong line blanketing in the ultraviolet, flux is redistributed to short optical wavelengths (Behara & Jeffery 2005; Dufour et al. 2008a ). This results in a spectrum that is steeper than the Rayleigh-Jeans tail of a blackbody spectrum in the broad bandpass defined by our filter. This results in none of the comparison stars having optical colors as blue as the hot DQs we are monitoring. Therefore, atmospheric phenomena that selectively affect the transmission of short wavelengths will not be corrected in our reductions.
While observing hot DQs, we noted multiple phenomena that clearly introduced artifacts into our time-series data. We noticed preferrential dimming of hot DQs on nights when shifting winds would bring soot (and a strong odor of burnt mesquite) from distant wildfires toward the observatory. Many nights a wandering atmospheric dry line would pass through the observatory once or twice, causing sudden shifts in temperature, humidity, and wind direction as well as short periods of greatly worsened seeing; these passages also preferentially affected the hot DQ photometry. The 2009 Apr 30 observations of SDSS J1426+5752 exhibited significant changes in atmospheric transparancy from an unknown source that again affected the hot DQ more than comparison stars. The 2nd-order polynomial fit applied to all of our light curves to remove differential atmospheric extinction also would greatly weaken any true signal with P 2 h in our data. For these reasons, we ignored the low-frequency signal in SDSS J0005−1002, most of which was likely due to true photometric variations.
ROTATION: A SINGLE SOURCE OF VARIABILITY IN ALL HOT DQS?
Several studies have now presented observations of hot DQs and their progeny, and clear trends are emerging that are strengthened by our data. We exclude the hot DQ WDs not observed to vary from this analysis, SDSS J0236−0734, SDSS J1402+3818, and SDSS J1615+4543, due to the insufficient signal-to-noise in their DFTs. We include SDSS J1036+6522; although it does not exhibit C II like true hot DQs, our analysis strongly suggests that it is evolutionarily related to the hot DQs (Williams et al. 2013) .
From the collected data, we emphasize two seemingly universal traits of variability in hot DQs:
• All hot DQ WDs show significant, periodic modulations. These modulations are coherent over the observational baselines.
• With the possible exception of SDSS J1153+0056 8 (Dufour et al. 2011) , all hot DQ WDs exhibit only harmonically-related modulations. Non-harmonic modulations have been claimed, but our nondetection of these means either these modulations are not coherent over long times scales or they are spurious. Given this, and given that the time-series observations of SDSS J1153+0056 are limited to a single 2087 s HST observation, we are skeptical of the claims of non-harmonically related modes in this WD.
These two traits, along with the detailed properties of each star and of the observed modulations, are difficult to reconcile with the hypothesis that the variability is caused by nonradial pulsations in the stars. SDSS J1036+6522 is much cooler than the various predicted instability strips (Córsico et al. 2009; Fontaine et al. 2008; Montgomery et al. 2008) , and the period of modulations in SDSS J0005−1002 is too long for coherent pulsations. The pulse shapes of the variables wih harmonically-related periods are very different from the pulse shapes of known pulsators in other spectral classes of WDs Barlow et al. 2008; Dufour et al. 2009 ). Most of the variable hot DQs in general have strong magnetic fields (∼ 1 MG), while no strongly magnetic pulsators exist in ofther spectral classes (e.g., Dufour et al. 2008b) . Although some pulsating WDs exhibit only a single independent mode, most pulsate at multiple non-harmonically related frequencies.
While there may be mechanisms for reconciling these issues with nonradial pulsations, there may be a simpler alternative: rotation. Rotation of highly magnetic SDSS J0005−1002 is the most plausible explanation for its variability; this is discussed in convincing detail by Lawrie et al. (2013) , who also suggest rotation as the cause of variability in other hot DQs. If we conservatively assume that the longest observed period in each variable hot DQ is the rotation period, then most hot DQs are among the fastest known WD rotators.
Is rapid rotation consistent with proposed formation scenarios for hot DQs? We (Williams et al. 2006 (Williams et al. , 2013 and Gänsicke et al. (2010) have previously discussed the possibility that hot DQs and cooler oxygen-rich atmosphere WDs are the remnants of the super-asymptotic giant branch stars; WD rotation periods as low as ≈ 250 s are possible from such stars (Kawaler 2004 (Kawaler , 2015 Tayar & Pinsonneault 2013) . Variable core-envelope coupling strengths or magnetic brakng could explain the spread in observed periods.
Based on kinematic arguments, Dunlap (2015) and Dunlap & Clemens (2015) propose that hot DQs are the remnants of recent mergers of double degenerate systems insufficiently massive to spawn Type Ia supernovae. Such mergers have been invoked to explain the presence of magnetic fields in massive WDs (e.g., Ferrario & Wickramasinghe 2005; García-Berro et al. 2012) . Rapid rotation would be a natural result of transfer of orbital angular momentum to the merger remnants, and Dunlap & Clemens (2015) interpret the variability in hot DQs as this rotation. Dufour et al. (2007) suggest that hot DQ WDs may be the result of a vigorous late thermal pulse creating a carbon-rich PG1159 star such as H1504+65. Gravitational settling of carbon and oxygen followed by renewed dredge-up by deepening convective zones leads to an evolving spectral type for these stars. Calculations by Althaus et al. (2009a,b) show that this may be a viable scenario, especially for the high surface gravity. Althaus et al. (2009b) note that the presence of magnetism has yet to be considered; presumably rapid rotation also affects models of hot DQ evolution and spectral characteristics. However, rapid rotation does not appear to be a necessary ingredient in the current models.
One observation of the variability in hot DQs that may redeem the pulsational model is that of the ultraviolet (UV) -to-optical ratio of the amplitudes in fractional flux. Dufour et al. (2011) find this ratio to be ∼ 2 − 4 from HST UVobservations of variable hot DQs. This ratio is comparable to that observed in known nonradial pulsators (e.g., Holm et al. 1985; Kawaler et al. 1994) and that predicted from model atmospheres of DA WDs (e.g., Fontaine et al. 2008 ). The observed UV-to-optical fractional flux amplitude ratio may also be consistent with a cool spot at one of the magnetic poles of a variable hot DQ, as cooler temperatures would suppress UV flux more than optical. A detailed analysis of a spot model calculating the fractional flux amplitude ratio is necessary, however, as the UV spectra of hot DQs is heavily line blanketed and horribly complex (Dufour et al. 2011 ).
Occam's Razor would favor rotation as the source of variability in all hot DQ stars, as rotation can neatly explain most of the observations of variability in hot DQ WDs. However, rotation needs to be proven, especially for the short-period variables. Back-of-the-envelope calculations suggest that phase-resolved spectropolarimetry should be feasible for at least one or two short-period variable hot DQs with existing facilities. We cannot rule out non-radial pulsations as a viable source of variability, as the basic arguments that led us to suggest non-radial pulsations still stand. However, pulsational mechanisms have an increasing list of oddities in the hot DQ variability properties as compared with known classes of pulsating WDs that needs to be explained in order to remain a viable mechanism.
In the near term, we suggest that the following observations and theoretical modeling may be the most fruitful means of finally cracking the tough case of the mysteriously variable hot DQs:
1. Additional optical observations of hot DQs not observed to vary, especially SDSS J1402+3818, in order to push down noise in the search for lowamplitude and/or long-period modulations.
2. Searches for long-term variabilty in known variable hot DQs, in order to rule out more typical WD rotation periods of hours to days.
3. Polarimetric and or spectropolarimetric observations of one or more short-period variable hot DQs in order to look for evidence of rotation harmonically related to the periods of the observed modulations.
4. Searches for variability in the second-sequence cool DQ WDs thought to be the later stage of hot DQ evolution in order to determine the evolution of the modulation periods.
5. More detailed evolutionary models for each of the proposed origins of hot DQs that include the presence of MG-level magnetic fields and rapid rotation in order to determine which progenitor scenarios are indeed viable.
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